Selection of plant material with desired traits from different populations can be difficult, if not impossible, when evaluation methods are not standardized. Discerning comparable fruit postharvest traits among populations is particularly problematic because techniques and reporting protocols are often unique or non-existent for those crucial to quality and storability. Moreover, difficulties evaluating postharvest traits may be exacerbated by the dynamic nature of fruit ripening, introducing error even into intrapopulation comparisons. With the advent of biochemical phenotyping of fruit quality, opportunities to standardize evaluation of these and other important fruit postharvest traits are materializing. Standardized trait evaluation among breeding programs and, most importantly, germplasm collections is expected to allow more precise comparison between populations, expediting integration of economically important fruit quality traits into new populations as well as facilitating marker discovery.
Phenotypic comparison of plant populations within and among species is crucial for genetic research and plant breeding. Major hindrances of these comparisons include disparity among techniques used and types of data reported for each trait. Although many production-related traits are descriptive or metrics are inherently comparable, for other important product quality-related quantitative traits, including many postharvest traits, development of standardized measurement and reporting criteria can be difficult. Inconsistencies are commonly related to the different measurement and reporting protocols used, the influence of fruit maturity and/or ripeness on phenotypic comparison within and among populations, and the influence of postharvest treatment and storage regime on the final phenotype. Standardizing methodology for reporting postharvest traits would provide consistent data and information among breeding, research, and germplasm curation programs.
Postharvest traits, many of which define product storability and quality, are characterized by interactions with the postharvest environment. These include, but are not limited to, traits related to produce appearance, integrity, and overall flavor or sensory quality. Appearance is critical for many fruit and vegetable products. Traits that comprise appearance can include color, luster or waxiness, and trichome condition, all of which can be reported descriptively or quantitatively depending on the technique(s) used. Structural integrity summarizes the overall storability and appearance of fruits and vegetables and can be significantly affected by the postharvest environment. Examples include firmness and texture, water loss, chilling-related disorders, and susceptibility to pathogen infestation. Finally, flavor is a complex trait with descriptive and quantitative components. Sweetness, sourness, astringency, and aroma are common flavor descriptors, whereas measurement of sugar, acid, phenolic, or volatile component levels provide more quantitative bases for trait evaluation.
Many quantitative traits can be reduced to the individual metabolic components of which they are comprised, i.e., metabolic traits. Any single trait can be represented by a single metabolite or the interaction among many metabolites. Consequently, the complexity of the overall trait would likely dictate the influence of individual metabolites on that overall trait. For example, susceptibility of various apple cultivars to a certain type of chilling injury may vary as a result of interactions among multiple pathways responsible for injury exacerbation or amelioration (Whitaker, 2004) . Conversely, changes in the levels of individual metabolites could tangibly impact the complex traits such as color, sweetness, acidity, or aroma that they comprise (Baldwin et al., 2007; Dimick and Hoskin, 1983) .
Metabolic trait evaluation is a promising phenotyping technique for genetic evaluation and plant breeding strategies. Targeted and untargeted metabolic trait analysis of mapping populations is useful to discover key postharvest-related metabolic quantitative trait loci such as tomato color (Liu et al., 2003; Saliba-Colombani et al., 2001) and fruit flavor components (Dirlewanger et al., 1999; Saliba-Colombani et al., 2001; Zanor et al., 2009) , including aroma (Doligez et al., 2006; Dunemann et al., 2009; Tadmor et al., 2002) . Untargeted metabolic fingerprinting techniques can be used to distinguish individuals with unique quality characteristics within breeding and wild populations (Dobson et al., 2008; Schauer et al., 2005; Stewart et al., 2007) . This approach has been especially productive where forward and reverse genetic techniques such as introgression have been incorporated. Thus, metabolic trait heritability is established, unraveling metabolic control by genomic comparison as opposed to the more standard approach of examining metabolic cofluctuation with changes in gene expression (Baxter et al., 2005; Schauer et al., 2006) .
Accurately and precisely evaluating postharvest traits presents unique technical and practical challenges. The postharvest period, which is characterized by phenotypic change, can amount to the majority of the lifespan of a fruit or vegetable. The postharvest environ-ment is typically adjusted to maximize quality and storability by influencing key physiological events, effectively creating a different, ''artificial'' phenotype from one that may naturally occur. Many fruit such as pear (Sugar and Basile, 2009; Villalobos-Acuna and Mitcham, 2008) and apple (Jobling et al., 2003; Lara and Vendrell, 2003; Lelievre et al., 1995) develop optimum quality as a result of controlled ripening intentionally provoked by manipulating the postharvest environment. Control over the postharvest environment presents opportunities to explore phenotypic differences as influenced by different postharvest regimes. However, characteristic phenotypic changes during this period can make phenotypic comparison difficult, especially in populations in which little is known about selections' postharvest behavior.
The postharvest period of climacteric fruit is defined by quality-related changes stimulated by rises in ethylene synthesis that, in turn, provoke an increased respiration rate. Ripening or the degree of ripening can be influenced by maturity at the time of harvest as well as postharvest conditions. In apple fruit, harvest maturity alters both ripening timing and intensity before and after cold storage (Fellman et al., 2003; Song and Bangerth, 1996) (Fig. 1) . In many fruits, the climacteric phase is also characterized by coincident significant changes in key quality-related flavor traits such as acidity and aroma (Song and Forney, 2008) , whereas other traits remain unassociated or only loosely associated (Pech et al., 2008) . Furthermore, changes in many qualityrelated traits are expressed or altered to varying degrees under certain postharvest conditions. For example, the levels and intensity of individual metabolic components of the apple fruit aroma volatile profile are significantly influenced by ripeness, harvest maturity, and storage environment (Brown et al., 1965; Patterson et al., 1974) . Volatile metabolites that significantly alter aroma characteristics are linked to long-term low oxygen cold storage (Mattheis et al., 1991 (Mattheis et al., , 1995 Willaert et al., 1983) .
Non-climacteric fruits and vegetables also undergo dramatic postharvest environmentrelated changes during this period. Like climacteric species, respiration and primary and secondary metabolism can change with harvest maturity or during postharvest maturation (Phan, 1987) . Hypoxic conditions can provoke fermentation in many nonclimacteric fruits (Joles et al., 1994; Ke et al., 1994; Petracek et al., 2002) and vegetables (KatoNoguchi and Watada, 1997; McKenzie et al., 2004; Smyth et al., 1998) generating volatile metabolites associated with unfavorable sensory characteristics, especially for fresh-cut products. Also, traits related to tissue integrity are especially important in many relatively short-lived, non-climacteric products, including susceptibility to spoilage organisms, water loss, and textural changes, all traits that can be manipulated using storage conditions (USDA-ARS, 2004).
Preharvest environment, harvest maturity, and storage environment each compound the difficulty of using single-point evaluations to compare the postharvest phenotypes of different individuals within any population. To make accurate single-point comparisons, a trait must remain relatively static over the postharvest life or maturity/ripeness properly established and the postharvest environment controlled. Optimum maturity within a popu-lation can differ by weeks; therefore, selecting and comparing fruit at a specific maturity can be crucial to prevent obscuring or misrepresenting key postharvest phenotypic relationships among individuals within a population.
Variance resulting from different ontogeny among breeding or mapping population should be expected where ontogeny is difficult to accurately define. This is in addition to variance already present within individuals from the same selection. Fruit phenotype can be influenced by a number of preharvest environmental factors. For instance, fruit ontree location can influence ontogeny of many temperate tree fruits, including apple (de Bruyn and van Keulen, 1968; Farhoomand et al., 1977) making it an especially important consideration when evaluating cultivars or species in which visual estimation of maturity before harvesting is difficult. All of these factors emphasize the necessity of assuring proper replication is implemented for each trait to accurately account for variance resulting from the evaluation technique as well as biological variance among individuals from the same selection.
To standardize phenotyping, techniques that produce comparable data must be used. This is especially true in the case of postharvest analyses in which a variety of techniques can be used that generate different, incomparable categorical or continuous data for the same trait. For example, sweetness or sugar content can be measured using a variety of techniques, including taste panels evaluating actual sweetness, measuring refractive index (an estimate of total sugars), or chromatography, which quantifies each individual sweetness-related metabolic component. Likewise, external color or tissue color can be visually estimated using color cards, a variety of colorimeters, and chromatography to evaluate individual color metabolites. These examples not only produce incomparable data, but they actually measure different traits or different aspects of a more complex trait. Furthermore, techniques including taste panels, color cards, and colorimeters, although typically standardized within a particular system, lack standardization among systems. Conversely, many instruments, including gas and liquid chromatographs and refractometers, provide standardized quantitative data making biochemical phenotyping especially useful for this purpose. Techniques are optimally chosen for the type of output they provide, but considerations also include wide disparity in expense and required involvement and expertise of the analysis when choosing protocols that would be reasonable for discipline-wide use.
Although equalizing measurement and data output may seem an obvious concern, disparity among techniques is not limited to the type of instrumental or other measurement system, but also the tissue or medium measured or sample collection and preparation protocols used. Tissue or juices sampled from the different regions of the same organ can exhibit different phenotypes, including ripening pattern and intensity of associated traits (Lara and Vendrell, 2003; Rudell et al., 2000; Yamamoto et al., 1995) . This can include differences in overall expression of other traits, including aroma (Buttery et al., 1988; Guadagni et al., 1971; Jia and Okamoto, 2001) , phenolic compounds associated with color and astringency (Lata et al., 2009) , sugars, and acidity (Taylor et al., 1993) . Sample processing technique and timing may also influence specific trait evaluations. This may include anything from the degree of tissue or juice stabilization or method of sample storage used between sample collection and measurement. Differences in any of these parameters may introduce significant variation among different phenotyping programs rendering results incomparable. Standardizing sampling and preparation protocols would ensure comparable data.
Given the variety of valid, yet dissimilar, techniques available to measure any single trait, incomparable data will continue to be generated unless a concerted effort is made to standardize methodology. Efforts to standardize postharvest phenotyping should include adaptation of protocols establishing ontogeny to assure accurate and precise comparison within and among diverse populations; establish the dynamics of a specific trait during the postharvest period; and standardized sampling, storage, evaluation, and reporting protocols. Increasing maturity at harvest decreased the time from harvest to increases in ethylene evolution and respiration associated with climacteric ripening and increased total levels of ethylene and respiration demonstrating the variability of ripening with harvest maturity.
Biochemical phenotyping can provide highly standardized means to evaluate underlying metabolic components of simple as well as more complex traits. Standardization of postharvest phenotyping will help provide comparable fruit quality databases within and across species expediting accurate evaluation of important fruit and vegetable crops.
